Background Primary vaginal carcinoma is rare, accounting for 1-2 % of all gynecological malignancies.
Introduction
Primary vaginal carcinoma is rare, accounting for about 1-2 % [1] of all gynecological malignancies. Being rare, there are no prospective randomized studies. All studies are retrospective, either comparative or meta-analyses. Diagnosis is always confirmed after excluding primary malignancies of cervix and vulva. This, a retrospective analysis of patients with primary vaginal cancers who had presented to our institute, was done to analyze the prognostic factors and its relevance to clinical outcome.
Materials
Medical records of all cases of primary vaginal cancers, presented to Department of Oncology, from 2004 to 2012, were retrieved from electronic medical records, and were analyzed. Patients were called for review or contacted over telephone for follow-up. Statistical analysis was done using SPSS 11.0, for Windows. Log rank method was used for assessing significance. Survival analysis was done using Kaplan-Meier curves.
Results
During the 9-year period from 2004 to 2012, 32 primary vaginal cancers were treated. Median age at presentation was 64.28 years (range 42-85 years). Eighteen patients (56.3 %) had undergone hysterectomy for non-malignant causes earlier. Mean interval between hysterectomy and development of vaginal malignancy was 9.31 years. Rest (43.8 %-14/32) had intact uterus. All patients' characteristics are tabulated in Table 1 .
Except for three treated with only surgery, all others received radiotherapy. Seven patients received external beam radiation (EBRT) alone, while 20 had both EBRT and vaginal brachytherapy (VBT). Three-dimensional conformal radiotherapy techniques using multiple fields, ensuring that 95 % of target volume receives the prescription dose, was the protocol used in all EBRT. A dose of 45-50 Gy in 180-200 cGy fractions, at 5 fractions a week was delivered. Patients were treated with high dose rate (HDR) brachytherapy using intracavitary applicators. Most common fractionation schedule was three sittings of 700 cGy each. Two patients had adjuvant radiation after surgery.
Five patients had residual disease at treatment completion, two of stage III, and three of stage IV. Surgical options being unacceptable for patients and relatives, considering their advanced stage and co-existing morbidities, they were offered best supportive care. Recurrence was seen in seven patients, three being loco-regional and four, distant (Table 2 ). These patients were offered palliative radiation to metastatic sites and supportive symptomatic care. Twenty patients (62.5 %) were disease free at last follow-up. Median follow-up time was 55.83 months. Twelve patients were alive at last follow-up (37.5 %), while 14 had died (43.8 %): 8 due to disease, and 6 of other causes. Six patients were lost to follow-up (18.8 %) .
Median overall survival (OS) was 86.10 months, and the median disease-free (DFS) and disease-specific survival (DSS) rates were 90.17 and 97.13 months, respectively. Five-year OS, DFS, and DSS rates were 54.14, 60.43, and Table 3 . Well and moderately differentiated tumors fared better. For well and moderately differentiated tumors taken together, the 5-year OS, DFS, and DSS rates were 56.6, 64.3, and 82.3 %, respectively. For poorly differentiated tumors, median OS, DFS, and DSS were, 20.9, 14.6, and 20.9 months, respectively. There was statistically significant advantage for better grade tumors, i.e., for DSS (p 0.050).
Patients were staged according to FIGO (International Federation of Gynecology and Obstetrics) and were grouped as early (Stage I ? II-17) and advanced (Stage III ? IV-15). Better 5-year OS, DFS, and DSS rates were observed for stage I ? II group, with 54.9, 79.8, and 78.9 %, compared with the advanced stage where the same were 54.8, 38.2, and 68.6 %, respectively. Statistical significance was not observed.
Significant treatment-related acute toxicities were observed only in 4 patients (12.5 %). Two patients had rectal complications, while one each had bladder and local reactions. These were managed symptomatically. Various retrospective studies from across the world have analyzed outcomes in primary vaginal cancers and have predicted probable prognostic factors [5] [6] [7] [8] . Major predictors of clinical outcome could be grouped as host or patients' factors like age at presentation, and status of uterus; tumor factors like grade, FIGO stage, location, and size of lesion; and treatment parameters like modality of treatment, total radiation dose, total brachytherapy dose [5, 8] , and chemotherapy status [9] . The results of our outcomes of primary vaginal cancer were analyzed based on these probable prognostic factors and were compared with the literature. 
Tumor Factors
Squamous tumors have an advantage in terms of OS and time to recurrence as shown by various authors [6, 13] , and adenocarcinoma has twice the incidence of recurrence compared with squamous histology. In our group, 5-year OS and DFS rates for squamous cell carcinoma were 52.9 and 64.1 %, comparable to 68 % reported by Fleming et al. [13] . Median DFS for adenocarcinoma was only 20.5 months in our group, as evidenced by Chyle et al. However, Kirkebride et al. [14] reporting from Princess Margaret Hospital and Platta et al. [8] failed to support an advantage for squamous cell histology.
Grade of tumor, an inherent character throwing light on biology and behavior of tumor, was found to be a predictor of survival and recurrence in our group of patients. While well and moderately differentiated tumors together had 5-year OS, DFS, and DSS of 56.6, 64.3, and 82.3 %, medians of OS, DFS, and DSS for poorly differentiated tumors were, 20.9 (p 0.396), 14.6 (p 0.244), and 20.9 months (p 0.050). Statistically significant advantage was observed for DSS; OS and DFS showed definite advantages for well and moderately graded tumors (Figs. 1, 2, 3) . Although comparable literature is lacking, grade needs to be considered as predictor of outcome in primary vaginal tumors.
Earlier authors like Kucera et al. and Ali et al. [15, 16] have suggested that tumors of upper one-third or upper half of vagina behave better compared with lower-located tumors. Lian et al. [5] also observed better DFS for lesions in upper third of vagina. Site and extent of vaginal involvement have been predicted as significant factors by Platta et al. also [8] . However, Perez et al. [17] and Stryker et al. [3] , assessing response in relation to location of tumors, failed to document any significant advantage based on site. We compared survival in upper one third tumors with other sites, but failed to observe any significant relation. It has been suggested that with modern radiotherapy higher tumoricidal doses are being delivered to upper third of vagina, tolerance dose of which lies in the range of 140 Gy, compared with lower third, and this could be the reason for better behavior of these lesions, and may not be due to site per se.
Bigger the lesion, poorer the prognosis, has been the rule in malignancy. Lesion above 4 cm has been predicted to be poor prognostic factor by authors like Hiniker et al. [12] who documented a significant p value of 0.0266 in their series. Similar results were also obtained by Lian et al. [5] (p 0.020), although the cut-off they used was 5 cm. Frank et al. also found size[4 cm to be a statistically significant predictor of poor prognosis (p \ 0.001) [7] . Jang et al. in 2012 [18] stressed that primary tumor size was a significant prognostic factor (p-0.039) for DFS. In our group, 5-year OS, DFS, and DSS for tumors\4 cm was, 54.7, 83.3, and 90.9 % while the same for those [4 cm was 56.1 % (p 0.945), 44.6 % (p 0.118), and 63.1 % (p 0.143) (Figs. 1, 2, 3) . Increase in primary tumor size was associated with higher incidence of local failure, there by negatively affecting survival. A predictable trend was observed, although not statistically significant, probably due to small numbers.
FIGO stage was another factor with statistical significance in our series. Five-year OS, DFS, and DSS for each stage showed statistically significant correlation between advancing stage and DFS-p 0.003, and DSS-p 0.009 (Table 3) . Stages I and II combined had a better 5-year OS, DFS, and DSS, compared with stages III and IV taken together (Figs. 1, 2, 3) . Perez et al. and Lian et al. [5, 17] had also observed statistical significance for FIGO stage, and suggested this to be the most important predictor of OS and DFS in vaginal cancer. A retrospective series from MD Anderson by Frank et al. [7] (p \ 0.01) also came out with the observation that stage was the prime factor that correlated with treatment outcome. In their multivariate analysis, stage and tumor size were the only independent predictors of survival. Platta et al. [8] also opined that primary factor influencing the outcome in vaginal cancer was disease stage.
by in predictable survival outcomes. Not only the common, external, and internal iliac groups of lymph nodes, but the inferior gluteal, pre-sacral, and peri-rectal nodes in case of posterior vaginal wall lesion, and when the distal vagina is involved, the inguinal and the femoral groups of nodes can also be involved in malignancies of vagina. Hence, accurate delineation of target volume carries importance. Frank et al. reporting from MD Anderson in 2005 had stressed the benefits of tailored individualized radiotherapy planning [7] . Better imaging modalities in recent years have also contributed significantly to the improved target delineation and optimized planning and dose delivery in radiotherapy.
Patients who had received EBRT and VBT had better 5-year OS, DFS, and DSS in our group. A 2-Gy equivalent dose (EqD2) of brachytherapy also showed an advantage for those who had received [20 Gy, especially for OS (p 0.080) (Fig. 1, 2, 3) . Total dose in EqD2, of[70 Gy has been demonstrated to have a better cause specific survival by authors like Lian et al., and Kirkbride et al. [5, 14] . In our study, better 5-year OS (67.1 vs. 38.9 %; p 0.151) and DSS (80.5 vs. 65.0 %; p 0.380) were observed in patients who received a EqD2 [ 70 Gy (Figs. 1, 2, 3 ), but the same advantage was not reflected in DFS (57.3 vs. 60.1 %; p 0.799). Stryker et al. [3] had also failed to corroborate this in their study. Kucera et al. analyzed the outcomes of HDR versus LDR brachytherapy [19] and failed to show any significant difference in terms of complications, although the precise positioning and immobilization along with shorter treatment time favored HDR. Jang et al. [18] had suggested that definitive radiotherapy is an effective treatment modality, and local control translated to diseasefree and overall survival. Murakami et al. [20] concluded that combination of EBRT and HDR brachytherapy provides a good local control. Customized vaginal applicators with central and peripheral channels for differential loading and optimized dose delivery, using Iridium-192 alone, or Iridium-192 and Cesium-132 in combination have been in vogue in different centers from as early as 2004, as published by Frank et al. from MD Anderson [7] .
Various authors have argued for and against concurrent chemotherapy for primary vaginal cancers. Miyomoto [9, 21, 22] on multivariate analysis, observed a significantly better prognosis for the use of concurrent chemotherapy in their series from Harvard University. A better OS was observed in chemotherapy group in general, and concurrent chemotherapy group in specific, in our series. An advantage for DSS was also noted in concurrent chemotherapy group. The same advantage was not observed in DFS, which could have been because of small number in each group. Analyzing SEER data, Ghia et al. [23] observed that use of concurrent chemoradiation had increased since 1999, but failed to observe any benefit in OS or DFS. Frank et al. [7] from MD Anderson also failed to observe any advantage for concurrent chemoradiation in their series; but, extrapolating the benefits from randomized trials on cervical cancer, they suggested that, concurrent chemoradiation could be offered for select group of high-risk vaginal cancer patients with good performance status.
Probably due to diligent conformal planning, dose limiting toxicities were minimal in our retrospective analysis. This would imply that a higher dose could be achieved for the target volume with better target delineation using highdefinition imaging modalities like MRI, and conformal planning, which would ensure a good local control, thereby being a surrogate for disease-free and overall survivals. Blecharz et al. [24] have also concluded that radiotherapy is well tolerated and that late toxicities are rare.
Level of evidence from the available literature on primary vaginal cancers is limited by the absence of randomized prospective trials. Ours also is a retrospective series from a single institute. The newer prognostic factors like incidence of human papilloma virus as a causative factor in primary vaginal cancers need to be looked into prospectively.
Conclusion
Our evaluations conclude that, grade of differentiation of tumor is a statistically significant predictor of poor DSS with a trend toward poor DFS and OS. FIGO stage also emerged as a major, statistically significant factor, predicting prognosis in primary vaginal cancer. A similar trend was also noted with the increasing tumor size. Hysterectomy done earlier could also be considered as a prognostic factor. Radical radiotherapy, combining external beam therapy and high dose rate brachytherapy, has a pivotal role, and with strict and diligent care to achieve the required tumoricidal dose with respect to tolerance of adjacent structures, using spatial optimization and conformal planning offers good disease control. 
